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ABSTRACT
Mental rotation, a type of visuo-spatial ability, is the ability to 
imagine a figure rotating in space without verbal mediation. Gender 
differences in the performance of mental rotation tasks are well 
documented but the relationship between sexual orientation and 
mental rotation is uncertain. This study investigates the relationship 
between gender, sexual orientation and scores of 584 university 
students on the Vandenberg Mental Rotation Test. A 2x2 ANOVA 
reveals a main effect for gender, a main effect for sexual orientation, 
and significant interaction between gender and sexual orientation. 
Mental rotation scores differentiate heterosexual male students from 
gay male, lesbian, and heterosexual female students. Results are 
discussed from a cognitive-strategic perspective.
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1MENTAL ROTATION AND SEXUAL ORIENTATION 
INTRODUCTION
Current psychometric tests do not show observable gender 
differences in comprehensive IQ scores. However, the tests do show 
different cognitive profiles for the sexes and do show significant 
gender differences on some subtests. Men perform better than 
women on some intellectual tasks and women are superior on other 
tasks. One area of cognitive performance in which males and females 
differ is spatial ability. The type of spatial ability that reveals the 
largest significant gender difference is mental rotation (Geary, Gilger, 
& Elliot-Miller, 1992; Gilger & Ho, 1989; Linn & Peterson, 1985; 
Sanders, Soares, & D'Aquila, 1982).
Mental rotation is the ability to visualize objects and to 
manipulate objects mentally in two and three-dimensional space 
(Casey & Brabeck, 1990). It is the ability to rotate images of figures 
in space without the aid of verbal mediation (Tuttle & Pillard, 1991). 
It is a nonanalytic spatial visualization skill (Casey, Colon, & Goris, 
1992; Maccoby & Jacklin, 1974). Tools that measure mental rotation 
assess how quickly or accurately subjects identify displaced or 
rotated objects.
Men consistantly outperform women on mental rotation tasks. 
Gender differences in mental rotation scores remain when scores are 
adjusted for variables such as gender-role behavior, area of academic 
study, occupation, prior spatial experience, and social status. Gender
2differences are observed in many races and cultures (Casey, Colon & 
Goris, 1992; Vandenberg & Kruse, 1978).
Like gender, sexual orientation can influence certain spatial 
abilities such as mental rotation. The first study to examine the 
relationship between sexual orientation and cognitive profile using 
the Wechsler Adult Intelligence Scale (WAIS) found that the group 
differences in the full scale IQ scores were not significant (Wechsler, 
1958; Willmont & Brierley, 1984). However, spatial (performance) 
scores of heterosexual men on the WAIS were significantly higher 
than the scores of women and gay men (F = 10.68, g. < .001). The 
large differences in WAIS performance IQ scores between 
heterosexual men, women, and gay men prompted further 
investigation into the relationship between sexual orientation and 
performance on spatial tasks.
Four subsequent studies on sexual orientation and specific 
spatial abilities (Gladue, Beatty, Larson, & Staton, 1990; McCormick 
and Witelson, 1991; Sanders & Ross-Field, 1986; Tuttle & Pillard, 
1991) examined the performance of heterosexual male, gay male, 
heterosexual female, and lesbian subjects on measures of mental 
rotation, spatial visualization, and spatial perception. These three 
categories of spatial ability were identified by investigations of the 
cognitive processes involved in solving spatial tasks (Cooper & Regan, 
1982; Guilford, 1969; Shepard & Cooper, 1982). This classification 
scheme was used in the present investigation to facilitate 
comparisons between spatial studies.
3The results of the four studies suggested that a relationship 
exists between sexual orientation and specific types of spatial 
abilities among men. Heterosexual men were differentiated from gay 
men on two measures of spatial perception, the Vincent Mechanical 
Diagrams Test and the Piagetian Water Level Test. Heterosexual men 
were differentiated from gay men on two measures of mental 
rotation, the Space Relations Subtest of the Primary Mental Abilities 
Test and the Vandenberg Mental Rotation Test. However, the results 
on the Space Relations Subtest of the Primary Mental Abilities Test 
were inconsistant. Heterosexual men and gay men were 
differentiated by scores on the Space Relations Subtest in McCormick 
and Witelson's study (1991) but not by scores on the Space Relations 
Subtest in Tuttle and Pillard's study (1991). The spatial visualization 
measures (Weschler Block Design Subtest and Differential Aptitude 
Test Battery) failed to differentiate groups by sexual orientation. 
None of the spatial tests included in these studies differentiated 
heterosexual women and lesbian women. Additional studies on 
sexual orientation and mental rotation are needed to establish and 
clarify the relationship.
In these four studies the match between the general cognitive 
abilities of the subjects and the level of difficulty of the spatial 
measures was problematic. The tests measured different components 
of spatial performance at various levels of difficulty and were 
designed for different target populations. Tuttle and Pillard (1991) 
took great care to match subjects by age, educational attainment, and 
social status. However, they selected tests that failed to discriminate 
subjects of above average cognitive ability by gender and sexual
4orientation. They used the Wechsler Adult Intelligence Scale 
(Wechsler, 1958) which maximally discriminates differences around 
the mean of the population, between subjects of average intelligence, 
and contains few questions that differentiate subjects of above- 
average intelligence. Consequently, the subjects' spatial scores on the 
WAIS Block Design Subtest fell within a narrow interval of elevated 
spatial ability. The scores failed to reflect differences in gender and 
sexual orientation because the WAIS inadequately differentiates 
subjects with above average IQ scores (Tuttle & Pillard, 1991).
In addition to selecting an inappropriate measure of spatial 
visualization for the research population Tuttle and Pillard may have 
chosen an inappropriate measure of mental rotation. Problems on the 
Space Relations Subtest of the Primary Mental Abilities Test had 
simple two dimensional figures and were easy to answer relative to 
problems on the Vandenberg Mental Rotation Test. A more difficult 
mental rotation test such as the Vandenberg Mental Rotation Test 
might have differentiated the high ability subjects by sexual 
orientation when the Spatial Relations Subtest failed to do so. For 
example, in Gladue, Beatty, Larson, & Staton's study (1990) scores on 
the Vandenberg Test differentiated groups by gender and sexual 
orientation while in McCormick & Witelson's study (1991) scores on 
the Spatial Relations Subtest of the Primary Mental Abilities Test did 
not show a main effect for sexual orientation. The main effects of 
gender and sexual orientation on Vandenberg scores were observed 
for groups who were carefully matched by age, educational 
attainment, college major, present and desired occupations, phase of 
menstrual cycle, and prior spatial experiences.
5Hand preference may be a factor associated with spatial ability 
and sexual orientation ( Lindesay, 1987; McCormick & Witelson,
1988; McCormick, Witelson, & Kingston, 1987, 1990; Sanders, Wilson, 
& Vandenberg, 1982). However, only one of the four studies on 
spatial ability and sexual orientation (McCormick & Witelson, 1991) 
includes hand dominance as a variable. The effect of handedness on 
the spatial performance of gay men, lesbians, and heterosexual men 
and women is uncertain and requires further investigation.
The effect of sexual orientation on the spatial scores of men 
may parallel the effect of gender on spatial scores. For example, 
heterosexual men may outperform gay men on selected spatial tests 
in the same manner that men outperform women. In a meta-analysis 
of doctoral dissertations on spatial ability no gender differences were 
observed in spatial visualization and perception scores. A modest 
effect size of .43 was found for mental rotation scores (Druva-Roush 
& Wu, 1989). In Linn and Peterson's meta-analysis of published 
studies on spatial abilities (1985), spatial visualization scores 
indicated no gender differences. Spatial perception scores revealed a 
gender difference of two-thirds standard deviation, and mental 
rotation scores revealed the largest and most consistent gender 
differences with an effect size of .73. On the Space Relations Subtest 
of the Primary Mental Abilities Test men outperformed women by 
one-fourth standard deviation and on the Vandenberg Mental 
Rotation Test men outperformed women by one full standard 
deviation (Linn & Peterson, 1985). While gender explained up to 5% 
of the variance on measures of general spatial ability (Hyde, 1981), 
gender explained 16% to 23% of the variance on the Vandenberg
6Mental Rotation Test (Geary, Gilger, & Elliot-Miller, 1992; Sanders, & 
D’Aquila, 1982). If the effect of sexual orientation on spatial 
performance parallels the effect of gender on spatial performance, 
then larger differences between heterosexual men and gay men 
would be revealed by mental rotation tests than by other spatial 
tests. If the effect of sexual orientation on mental rotation 
performance parallels the effect of gender on mental rotation 
performance, then larger differences between heterosexual men and 
gay men would be revealed by the Vandenberg Mental Rotation Test 
than by other mental rotation tests.
The present study investigated the relationship between 
gender, self-reported sexual orientation, and the Vandenberg Mental 
Rotation scores of university students. Vandenberg Mental Rotation 
scores were expected to differentiate heterosexual male students 
from gay male, lesbian, and heterosexual female students. The 
results of this investigation were hypothesized to support the 
findings of Gladue, Beatty, Larson, and Staton (1990) with 
heterosexual male students outperforming other students. 
Additionally, heterosexual male students were expected to score 
significantly higher than the other three groups of students when 
mental rotation scores were covaried with scores on the Masculinity- 
Femininity (M-F) scale of the Holland Vocational Preference 
Inventory, a measure of masculine self-concept.
7A Cognitive-Strategic Perspective
Confirmation of the existence of gender differences in mental 
rotation performance is not automatically accompanied by indication 
of the underlying cause of the gender differences. Additionally, 
confirmation of the existence of differences by gender and sexual 
orientation in mental rotation performance is not automatically 
accompanied by indication of the underlying cause of the sexual 
orientation differences. Many researchers conceive of psychosocial 
and neurobiological explanations for differences in the spatial 
performance of heterosexual men, gay men, and women. They do not 
consider explanations involving the cognitive processes and 
strategies associated with spatial performance.
Research on mental rotation suggests that gender differences in 
mental rotation performance may be the result of differential 
strategy selection and execution. Different cognitive strategies may 
be chosen and the strategies may be employed with varying degrees 
of efficiency by persons based on gender. The variations in mental 
rotation performance may reflect variations in the type of cognitive 
processes and strategies selected and the proficiency with which the 
strategies are employed. Even when individual mental rotation 
scores and group scores are similar, individuals may employ 
different cognitive strategies. Cognitive strategies associated with 
mental rotation include the holistic, reference frame, backward 
alignment, analytic, feature-based comparison, and orientation 
specific strategies.
The cognitive strategy most commonly associated with mental 
rotation is the analogous or holistic strategy. With the holistic
8strategy a mental image of the entire figure is rotated visually and 
resembles the physical rotation of the actual figure. Support for a 
holistic approach for two and three dimensional mental rotation 
tasks is provided by Shepard and colleagues (Blough & Slavin, 1987; 
Cooper & Regan, 1982; Jordan & Huntsman, 1990; Kail, Carter & 
Pellegrino, 1979; Lohman, 1986; Metzler & Shepard, 1974; Shepard & 
Cooper, 1982; Shepard & Metzler, 1971; Tapley & Bryden, 1977). 
Their studies show a strong linear relationship between response 
time and the figure's angle of deviation from the horizontal upright 
position. They show longer response times with larger angles of 
ro tation .
These studies and a meta-analysis of published studies on 
gender differences in spatial ability (Linn & Peterson, 1985) found 
that women were slower than men at mental rotation tasks. Women 
obtained steeper slopes than men for response time relative to angle 
of rotation. The response times of women increased sharply with 
increasing angle of rotation, and gender differences in response times 
became larger with increasing angle of rotation. In Kail's study 
(1979) 30% of the females were slower than all of the males. In 
Blough and Slavin’s study (1987) and Lowman's study (1986) the 
mental rotation scores of female college students were lower than 
the scores of male students. The response times of female students 
were longer, and their performance reflected greater accuracy than 
that of male students. Response times for identification of unrotated 
objects did not exhibit gender differences (Kail, 1979; Tapley & 
Bryden, 1977).
9The lower scores and longer response times of females on 
mental rotation tasks may result from slow eye tracking. Females 
track objects more slowly than males; thus, they may rotate images 
more slowly (Kuechenmeister, Linton, Mueller, & White, 1977).
The gender differences in mental rotation scores may result 
from the tendency of females to exert more caution and double­
checking during test taking (Linn, De-Benedictis, Delucchi, Harris, & 
Stage, 1987; Lohman, 1986; Wheeler & Harris, 1981).
Some researchers have not observed gender differences in 
response times. A meta-analysis of doctoral dissertations (Druva- 
Rouch & Wu, 1989) found that gender differences in mental rotation 
scores are not related to gender differences in mental rotation speed.
The second strategy, the frame rotation strategy, is a variation 
on the holistic strategy. With the holistic strategy the subject 
imagines the misoriented figure rotating to its normal upright 
position. During frame rotation the subject rotates an internal frame 
of reference into alignment with the misoriented figure (Jordan & 
Huntsman, 1990). With the frame rotation strategy the subject leaves 
his frame of reference at the orientation of the figure in the 
preceeding task rather than returning it to the upright position. Then 
the subject rotates an internal frame of reference that was 
established during the previous task to match the figure in the 
current task.
Researchers have attempted to encourage the use of the frame 
rotation strategy with varying degrees of success (Koriat & Norman, 
1984; Jordan & Huntsman, 1990; Robertson, Palmer, & Gomez, 1987). 
Koriat and Norman (1984) observed response times that depended
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on the misoriented figure’s angle of departure from the upright and 
not on the angle of departure from the orientation of the figure in 
the previous task. They suggested that subjects may be capable of 
using both strategies but that they use primarily or exclusively 
holistic strategies and imagine the misoriented figure rotating to the 
normal vertical position before solving mental rotation tasks. In 
contrast, Robertson, Palmer, and Gomez (1987) found that when the 
interstimulus interval (the time between the response to one mental 
rotation task and the presentation of the disoriented figure of the 
next task) was shortened from 500ms. (Koriat & Norman, 1984) to 
100ms., the pattern of response times reflected a mixture of the two 
strategies. In one task a disoriented figure was rotated to the upright 
position and in another task the reference frame of the previous 
figure was rotated into congruence with the present disoriented 
figure. Strategy choice may have depended on the similarity of the 
figures and on the angle of deviation from the reference frame of the 
previous figure relative to the angle of deviation from the upright 
position.
A third strategy is proposed by Koriat and Norman (1988) who 
rejected the idea of a frame rotation strategy and proposed the 
backward alignment strategy of mental rotation. With the frame 
rotation strategy the frame of reference of the previous figure is 
rotated into congruence with the present disoriented figure. With the 
backward alignment strategy the disoriented figure in the present 
task is rotated into alignment with the reference frame of the figure 
in the previous task. The backward alignment strategy is confined to
11
identical figures that differ only in angle of orientation and cannot be 
used with the Vandenberg Mental Rotation tasks.
A fourth cognitive strategy associated with mental rotation 
tasks, the analytic strategy, involves piece-wise rotation of an 
imagined figure. Rather than a single rotation of the entire figure as 
with the holistic approach, the analytic part-by-part approach 
involves several rotations of parts of the imagined object (Carpenter 
& Just, 1978). Relative to the holistic strategy, the analytic strategy 
may be a less efficient solution strategy for mental rotation problems 
(Cooper, 1976; Linn & Peterson, 1985; Shepard & Cooper, 1982).
Females may show slower response times and score lower than 
males on mental rotation tests because a greater number of women 
favor the slower analytic feature-by-feature rotation strategy over 
the holistic strategy (Blough & Slavin, 1987; Cooper, 1976; Kail,
Carter, & Pellegrino, 1979; Shepard & Cooper, 1982). The inefficiency 
of the analytic strategy relative to the holistic strategy may become 
obvious when applied to difficult mental rotation tasks with complex 
three dimensional figures. The tendency of women to use the 
analytic strategy more than men may account for the larger gender 
differences observed with Vandenberg figures than with simple two 
dimensional figures as are on the Primary Mental Abilities Space 
Relations Subtest.
The fifth strategy, the feature-based comparison strategy, 
resembles the analytic approach to mental rotation tasks without 
image rotation. The comparison strategy involves successive shape 
comparisons of component parts of the figure without involving 
rotation processes (Cooper, 1976; Shepard & Cooper, 1982). If
1 2
subjects employ the feature based comparison strategy, they extract 
and match shape and surface attributes of parts of a figure to a 
complete representation of the figure. Local features are extracted, 
the general spatial relationships between local features are encoded, 
and the transformed features are matched to key features stored in 
memory (Huttenlocher & Ullman, 1987). The spatial relationships 
between extracted shapes and isolated features are not maintained 
to the same extent that they would be if the analytic image rotation 
strategy were used. The extraction of landmark features may 
precede image rotation and may help students identify which 
direction to rotate a figure (Hochberg & Gellman, 1977). Shepard and 
Cooper (1982) and Blough and Slavin (1987) attributed gender 
differences in mental rotation scores and the longer response times 
of women to their preference for the feature-based comparison 
strategy over the image rotation strategies.
The sixth strategy, an orientation-specific strategy, requires the 
storage (memorization) of several orientation-specific figures and 
may explain the orientation effects associated with repeated 
exposure to the same figures. Rather than rotating the object in 
question to the vertical upright position each time, the object is 
rotated to match the nearest stored orientation-specific 
representation of the object through a reduced angle of rotation 
(Jolicoeur, 1985, 1988: Jolicoeur, Snow, & Murray, 1987; Tarr &
Pinker, 1989). With both the reference frame strategy and the 
orientation-specific strategy the disoriented object is rotated to a 
familiar orientation other than the vertical upright position.
However, with the reference frame strategy the position is
1 3
determined by the disoriented figure in the previous mental rotation 
task. With the orientation-specific strategy the position is one of 
several in a memory set that must be learned at an earlier time.
In support of the orientation-specific strategy Cohen and 
Kubovy (1993) designed a mental rotation study that produced 
response times that were constant and independent of angle of 
rotation. Cohen and Kubovy concluded that flat mental rotation 
functions are produced when (1) subjects are given a small number 
of figures in various orientations, (2) subjects are able to memorize 
the figures' orientation-free and handedness-specific characteristics,
(3) subjects are encouraged to respond quickly to the mental rotation 
tasks, and (4) subjects employ a process other than mental rotation. 
Other researchers disagreed with Cohen and Kubovy. Takano's study 
of mental representations (1989) showed that handedness 
information was not orientation-free. Tarr and Pinker’s study (1989) 
suggested that no mental representation is orientation free.
Disagreements concerning the orientation specific strategy and 
flat slopes were partly the result of dissimilar research designs. In 
Takano's handedness recognition task (1989) with few stimuli, 
numerous orientations, and no motivational pressure, a linear 
relationship was observed between reaction time and rotation angle.
In Tarr and Pinker's study (1989) students completed several trials 
containing few figures in few orientations without response time 
pressure. The tasks may have been completed using several different 
orientation-bound mental representations (Cohen & Kubovy, 1993).
In addition to the six strategies, students may have employed 
other strategies for solving mental rotation tasks. In the present
1 4
study the top scoring female student, a mechanical engineering 
major, took an anthropomorphic approach to solving the Vandenberg 
problems and related her body parts to the parts of the disoriented 
figure.
With practice and repeated exposure to similar figures and 
mental rotation tasks students may shift strategies. With unfamiliar 
mental rotation tasks students may use an image rotation strategy.
With familiar mental rotation problems students may rely less on 
image rotation and more on feature extraction, orientation-invariant 
attributes, and a non-rotational route to object constancy (Farah & 
Hammond, 1988; Jolicoeur, 1985, 1988; Jolicoeur & Milliken, 1989; 
Jolicoeur, Snow, & Murray, 1987).
Practice effects or orientation effects reflect a strategy shift 
from holistic, frame rotation, backward alignment, and analytic 
strategies to a nonrotational strategy. Practice effects are associated 
with shorter response times (Jolicoeur et al., 1987; Jolicoeur, 1985,
1988; Jolicoeur & Milliken, 1990). Response times do not become 
shorter and do not show practice effects when rotation of a 
disoriented figure is prevented (Jolicoeur & Landau, 1984; Jolicoeur, 
1990; Farah & Hammond, 1988). Also, response times are not 
attenuated and practice effects are not observed when subjects are 
pre-cued and receive advanced notice of a disoriented figure’s 
orientation (Braine, 1965; McMullen & Jolicoeur, 1989). Apparently, 
precuing does not eliminate the use of image rotation strategies with 
unfamiliar figures.
Practice effects are not expected with Vandenberg Mental 
Rotation tasks because the tasks are difficult and unfamiliar, and the
1 5
six minute testing interval is too brief to allow students to employ 
orientation specific and nonrotational strategies.
Cooper's research on mental rotation tasks (1983) indicates 
that one of several cognitive strategies is selected and the same 
strategy is employed for similar items on a mental rotation test. The 
Vandenberg Mental Rotation Test contains twenty items that are 
similar in difficulty and format and are accompanied by a six minute 
time limit. Perhaps, students rely on a single strategy when solving 
items on the Vandenberg Test and do not shift strategies during test- 
taking (Kuechenmeister, Linton, Mueller, & White, 1977). If students 
employ a single strategy when completing the Vandenberg Mental 
Rotation tasks, then the strategy of choice is the holistic strategy.
Studies on the electrophysiological correlates of mental rotation 
(Michel, Kaufman, & Williamson, 1994) suggest that the holistic 
strategy is employed more frequently than nonrotational strategies. 
Electrophysiological Correlates of Mental Rotation
Students who perform mental rotation tasks using an image 
rotation strategy imagine a figure rotating in space without actually 
seeing it move. The same neural circuits that are employed during 
mental imagery and mental rotation are involved in the rotation 
processing of real visual images (Cooper & Shepard, 1973; Finke & 
Shepard, 1986). Electrophysiological changes in the visual cortex of 
the brain are strongly correlated with response time and the angle of 
rotation between the probe figure and the memory figure of the 
mental rotation task (Michel, Kaufman, & Williamson, 1994).
Measures of multichannel magnetic (MEG) and electric (EEG) signals 
over the posterior scalp confirm linear relationships between the
1 6
duration of change in parieto-occipital alpha band neuronal activity, 
the angle of rotation, and the time required to reorient the figure and 
provide a response (Michel et al., 1994).
In the study by Michel and colleagues (1994) response times 
suggest that a figure is rotated to the normal upright position rather 
than to the reference frame of a memorized figure or of a figure in 
the previous task. Results indicate that rotation of the figure must 
be completed before a response can be selected, and that the 
processes of image rotation and of figure identification must be 
sequential and not simultaneous. Ilian and Miller (1994) suggested 
that the results of the electrophysiological study may be due to the 
limited capacity of working memory. They proport that both mental 
rotation and response selection require a common cognitive process.
In the electrophysiological study (1994) response times for 
identifying objects rotated counterclockwise (0-150') were the same 
as those for identifying objects rotated clockwise (360'-210').
Response times for enantiomeric (mirror reflected) figures were 
about 50 msec, longer than response times for the corresponding 
unreflected figures. The 50 msec, increase in response time for 
enantiomers was constant and independent of the figure's angle of 
rotation. The duration of the electrophysiological changes in the 
parieto-occipital cortical areas was the same for normal unreflected 
figures and for their corresponding enantiomers. Apparently, mental 
rotation involved changes in the parieto-occipital cortical areas. 
Conversion of enantiomers to their unreflected counterparts, a 
nonrotational process, involved changes in other cortical areas.
1 7
The electrophysiological study confirmed the existence of a 
temporal relationship between mental rotation performance and 
neurophysiological changes in the cortex but did not specify the 
nature of the relationship (Michel et al., 1994).
1 8
METHOD
P artic ipan ts
The research sample consisted of 584 students who were 
attending a state university in the western region of the United 
States. The students were recruited from undergraduate university 
courses and from gay, lesbian, and bisexual organizations at the 
university. The demographic characteristics of students in the 
research sample are presented in Table 1.
Sexual orientation. College students who participated in the 
study were not screened for particular demographic characteristics 
or sexual orientations prior to testing. After data collection the 584 
student participants were grouped by gender and sexual orientation. 
Students' sexual orientations were determined by their responses to 
a questionnaire item that asked students to classify themselves as 
exclusively homosexual, predominantly homosexual, bisexual, 
predominantly heterosexual, exclusively heterosexual, or uncertain 
of their sexual orientations. The participants included 29 exclusively 
gay males, 6 predominately gay males, 1 bisexual male, 11 
predominately heterosexual males, 221 exclusively heterosexual 
males, 24 exclusively lesbian females, 6 predominately lesbian 
females, 2 bisexual females, 24 predominately heterosexual females, 
and 260 exclusively heterosexual females.
Because of the small number of participants with bisexual 
orientations, data from the three bisexual students were not included 
in the analysis. Data from students with predominantly gay, lesbian,
1 9
and heterosexual sexual orientations were combined with data from 
students with exclusively gay, lesbian, and heterosexual orientations 
to create four groups. For example, one of the four groups with 35 
gay males, included predominantly gay and exclusively gay males.
The other three groups included 232 heterosexual males, 30 lesbian 
females, and 284 heterosexual females.
The sexual orientations of students were determined by their 
responses to a single question involving a two dimensional Kinsey- 
type scale. If multi-dimensional questionnaires and personal 
interviews had been employed, a more comprehensive 
understanding of the relationship between mental rotation and 
sexual orientation might have been obtained (Berkey, Perelman-Hall,
& Kurdek, 1990; Coleman, 1987; Ellis, Burke, & Ames, 1987; Klein, 
Sepekoff, & Wolf, 1985; Shively, Jones, & DeCecco, 1984; Van Wyk & 
Geist, 1984). Sexual orientation was determined by a single survey 
question because a comprehensive assessment of sexual orientation 
was not feasible in a single 20-30 minute testing session.
Age. Lesbian student participants were older than gay male, 
heterosexual male, and heterosexual female students.
E thnicity. The four groups of heterosexual male, gay male, 
lesbian, and heterosexual female students did not differ in ethnic 
composition. Approximately 75% of the students in each of the four 
groups reported Caucasian backgrounds.
Current Relationship Status. The status of each student's 
current sexual relationship was classified as either abstinent, 
monogamous, or involving multiple partners. Students were
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classified as abstinent if they were not currently involved in a sexual 
relationship. Past and anticipated future behaviors were not 
considered. Past, present, and future time intervals were not defined. 
Students who were married, living with their partner, or living apart 
were considered monogamous if they indicated that they were 
involved with one sexual partner only. Students who were not 
committed to one partner and described themselves as involved in 
relationships that allowed for more than one sexual partner were 
classified as having multiple partners.
The proportion of students in each relationship category varied 
slightly among groups. Among heterosexual male students 42% 
reported abstinence, 48% were monogamous, and 10.0% were 
involved with more than one partner. Among gay males 54% were 
abstinent and were not involved in a sexual relationship, 43% were 
involved in a monogamous relationship, and 3% were involved with 
multiple partners. Among lesbian students, 27% described 
themselves as abstinent, 67% reported a monogamous relationship, 
and 7% were involved with multiple partners. Among heterosexual 
female college students, 32% described themselves as abstinent, 61% 
were monogamous, and 7% were involved with multiple partners.
Women tended to report monogamous relationships, and gay 
men usually reported abstinence.
Student Status. Approximately 55% of the students in each of 
the four groups identified themselves as either juniors, seniors, or 
graduate students. Gay male and lesbian students were less inclined 
than heterosexual students to respond to the status question. The
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four groups were comprised of comparable proportions of freshmen, 
sophomores, juniors, seniors, and graduate students.
College Major. For heterosexual male student participants, 2% 
declared fine arts majors, 14% were liberal arts majors, 22% were 
education majors, 43% declared majors in science, math, or 
engineering, and 20% chose business, economics, and marketing 
majors. Among gay male student participants 18% declared fine arts 
majors, 25% were liberal arts majors, 7% were education majors, 32% 
were science, math or engineering majors, and 18% were business 
majors. Among lesbian student participants 10.5% were fine arts 
majors, 21% declared liberal arts majors, 26% were education majors, 
26% declared science, math or engineering majors, and 16% were 
business majors. For heterosexual female student participants 3% 
were fine arts majors, 22% declared liberal arts majors, 43% were 
education majors, and 16.3% were science, engineering or math 
m ajors.
Heterosexual male students preferred majors in engineering, 
science, math, and computer science. Heterosexual female students 
preferred majors in education. Relative to heterosexual students, gay 
male and lesbian students were more likely to declare majors in the 
fine and performing arts.
Students in each of the four groups were not matched a priori 
by college major. The proportion of students with a given college 
major varied among groups. To a large extent the gay, lesbian, and 
heterosexual students who participated in the study were 
representative of the gay, lesbian, and heterosexual students in the 
university population. For example, the large number of heterosexual
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female participants who declared education majors were 
representative of the high percentage of female students in the 
university population who pursue degrees in education.
Materials and Procedures
Students who elected to participate in this study signed 
informed consent forms. They completed the Vandenberg Mental 
Rotation Test, the Holland Vocational Preference Inventory, and a 
questionnaire that requested demographic information and 
disclosure of sexual orientation. Volunteer students recruited from 
university courses were tested at either the beginning or the end of 
regularly scheduled course lectures. They completed the materials in 
20 to 30 minutes. Volunteer students recruited from the gay, lesbian, 
and bisexual organizations received the same instructions and 
materials, and completed the materials either before or after 
organizational meetings. Students who were interested in learning 
about their individual Holland profiles met with the researcher at a 
later date to discuss their responses on the Vocational Preference 
Inventory. Approximately 75% of student volunteers requested and 
received their Holland profiles.
Individual student responses were kept confidential. Participants 
were identified only by numbers marked on their consent forms and 
on copies of the research materials. Consent forms and materials 
were distributed and collected by the researcher during each session. 
Consent forms were separated from the materials and were stored 
separately from the materials. They were stored in an on-campus 
office that was affiliated with the College of Education. When the 
researcher talked with participants about their results on the Holland
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Vocational Preference Inventory, participants' names were 
temporarily reassociated with their corresponding research numbers.
Testing sessions were conducted in environments characterized 
by large variations in the number and type of visual and auditory 
distractions. Gay male and lesbian students completed the materials 
in restaurants, meeting rooms and social halls while most 
heterosexual students completed the materials in classrooms. Since 
some of the classrooms contained as many distractions as some of the 
social environments, testing conditions varied greatly within the four 
sexual orientation groups but did not vary substantially among 
groups.
Data obtained with the research tools were analyzed with the 
STATS+ computer program.
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RESULTS
Vandenberg Mental Rotation Scores
Vandenberg Mental Rotation scores for the research sample are 
provided in Table 2. Vandenberg scores reflect the number of correct 
responses and range from 0 to 40. A 2x2 ANOVA reveals a main 
effect of sexual orientation, F (l, 577) = 10.09, g  < .005, and a main 
effect of gender, F (l, 577) = 13.62, g  < .001, on the mental rotation 
scores of college students. The interaction of gender and sexual 
orientation on students mental rotation scores is significant, F ( l ,  577)
= 8.68, g  < .005. The highest mental rotation scores belong to the 
heterosexual male students. Pairwise comparisons of mental rotation 
scores reveal significant differences between heterosexual male 
students and gay male students, between heterosexual male and 
female students, and between heterosexual male and lesbian 
students. Differences are not significant among the mental rotation 
scores of gay males, lesbians, and heterosexual females.
The main effect of handedness (right-handed vs. mixed or left- 
handed) on mental rotation scores is not significant, F (l, 560) > .05, 
and the interaction of gender, sexual orientation, and handedness 
with mental rotation scores is not significant F ( l, 560) > .05.
Mental Rotation Speed
While the Vandenberg Mental Rotation score reflects the 
number of correct responses, the mental rotation speed score reflects 
the number of responses, correct and incorrect, with a range of 0 to 
20. Students' mental rotation speed scores are provided in Table 3.
A 2x2 ANOVA of mental rotation speed scores differentiates groups
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by gender, F (l, 577) = 5.82, p  < .05, and sexual orientation, F ( l , 577)
= 6.23, p  < -05. The interaction between gender and sexual orientation 
is not significant F (l, 577) > .05.
A comparison of Vandenberg Mental Rotation scores to mental 
rotation speed scores reveals that the group with the most responses, 
and the group with the most correct responses are not one and the 
same. Unlike the Vandenberg Mental Rotation scores which identify 
heterosexual men as the top performers, the mental rotation speed 
scores identify gay men as the top performers.
Mental Rotation Accuracy
Mental rotation accuracy is the ratio of Vandenberg Mental 
Rotation scores to mental rotation speed scores (number of items 
answered correctly divided by the number of items answered). The 
range is 0 to 2 with the larger number indicating greater accuracy. 
Students' mental rotation accuracy scores are provided in Table 4. A 
2x2 ANOVA reveals a main effect for sexual orientation, F (l, 577) = 
10.32, p. < .05, with heterosexual men and women scoring more 
accurately than gay men and lesbian women. A comparison of 
regular Vandenberg scores, mental rotation speed scores and mental 
rotation accuracy scores shows that the fastest group of test takers, 
gay males, is the least accurate, and that the most accurate group of 
test takers is heterosexual men since they obtained the largest 
number of correct answers and, thus, the highest Vandenberg Mental 
Rotation scores.
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M asculinitv-Fem ininitv Scores
The Holland Vocational Preference Inventory provides 
Masculinity-Femininity (M-F) scores which are a measure of 
traditional sex-role occupational socialization and masculine self- 
concept. High scores on M-F scales are associated with high spatial 
scores (Signorella & Jamison, 1986).
The masculinity-femininity scores of participants differ by 
gender and sexual orientation. The M-F scores are provided in Table 
5. Males score significantly higher than female students, F ( l , 513) = 
41.40, p. < .001, and heterosexual students score significantly higher 
than gay and lesbian students F ( l, 513) = 10.76, p  < .005. The 
interaction between sexual orientation and gender is not significant.
When M-F scores are regressed on the Vandenberg Mental 
Rotation scores, significant relationships are observed for the 
heterosexual male students, F ( l, 206) = 5.1984, p  < .05, and 
heterosexual female students, F ( l, 245) = 5.606, p  < .01. The 
regression data are provided in Table 6. These results confirm the 
results of other studies which found a robust association between a 
masculine self-concept and mental rotation performance (Signorella 
& Jamison, 1986). The relationship between M-F scores and mental 
rotation scores is not significant for gay male and lesbian students. 
For students with gay and lesbian sexual orientations the factors 
associated with differences in M-F scores are not the same factors 
that are associated with differences in Vandenberg Mental Rotation 
scores.
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When Vandenberg Mental Rotation scores are reanalyzed using 
M-F scores as a covariate, the significant relationships between 
groups remain. The adjusted Vandenberg Mental Rotation scores are 
provided in Table 7. A 2x2 ANCOVA reveals a main effect for gender, 
F ( l , 513) = 9.1158, p. < .005, a main effect for sexual orientation, F ( l ,  
513) = 11.6792, £  <. 005, and significant interaction between gender 
and sexual orientation, F (l, 513) = 7.2590, £_< .01.
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DISCUSSION
The present study examined the relationship between gender, 
sexual orientation, and a specific type of visuo-spatial ability. This 
study was undertaken to determine how the performance of 
university students on the Vandenberg Mental Rotation Test varied 
by gender and sexual orientation. It was hypothesized that 
heterosexual male students would outperform gay male, lesbian, and 
heterosexual female students on the Vandenberg Mental Rotation 
Test. Statistical analyses of the mental rotation scores supported the 
hypothesis by revealing significant main effects for gender and 
sexual orientation and significant interaction between these 
variables. The group differences remained when mental rotation 
scores were covaried with the Masculinity-Femininity Scores of the 
Holland Vocational Preference Inventory.
The results of this study were consistent with the findings of 
Gladue, Beatty, Larson, and Staton (1990). These researchers 
matched participants by age, educational level, current and desired 
occupation, gender-role self concept, spatial experience, sexual 
history, menstrual history, and phase of menstrual cycle at time of 
testing. Their findings indicated that, when psychosocial influences 
are controlled, group differences in mental rotation performance 
remain. Men outperformed women and heterosexual men 
outperformed gay men.
Apparently, gender and sexual orientation differences in 
mental rotation performance originate, in part, from biological 
influences. Since gay men perform like women and lesbians perform
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like heterosexual women and not like men, the variations in mental 
rotation performance may be explained by a complex combination of 
biological and psychological factors.
A strength of this study was the match between the level of 
general cognitive functioning of the students and the difficulty of the 
mental rotation tasks. The research population consisted of 
participants who were considered above average in cognitive ability. 
A previous study (Tuttle & Pillard, 1991) included participants with 
elevated cognitive abilities and assessed them with a mental rotation 
test that maximally differentiated individuals of average ability. 
Another study (Gladue, Beatty, Larson, & Staton, 1990) included the 
more difficult Vandenberg Mental Rotation Test and used 
participants of average cognitive ability. To maximize group 
differences the present study matched volunteers of elevated mental 
ability with the more difficult Vandenberg Mental Rotation Test.
In previous studies gender differences in mental rotation speed 
were observed. In the present study which used the Vandenberg 
Mental Rotation Test no gender differences in speed were found. 
Female students were not slow or cautious relative to heterosexual 
male students. Female and heterosexual male students answered the 
same number of questions. The heterosexual male students 
responded with greater accuracy than gay male students and female 
studen ts .
Limitations of Study
The hypothesis was supported by the data in this study; 
however, interpretations warrant caution. Systematic random 
sampling of hidden populations was not feasible and there could be
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questions about the sampling validity of this study. Students with 
gay and lesbian sexual orientations may have been more reluctant 
than heterosexual students to divulge sexual orientation and may 
have passed as heterosexuals. Relative to the actual gay and lesbian 
student population, students who volunteered to participate in this 
study and who identified themselves as gay and lesbian may have 
over-represented some personality types and cognitive profiles, and 
under-represented other types and profiles.
Participants were not matched a priori by sexual orientation 
and demographic characteristics. As a result, the four sexual 
orientation groups have different proportions of students in a given 
area of study. Students who selected a particular field of study may 
possess better spatial ability and have more experience in activities 
that involve mental rotation than students who selected other fields. 
Since the proportion of students with a particular college major 
varied among groups, group differences in mental rotation scores 
may be associated with gender, sexual orientation, and college major.
Group differences in the Vandenberg Mental Rotation scores 
may be a manifestation of group differences in prior spatial 
experiences. Heterosexual male students may engage in a greater 
number of spatial activities than gay male, lesbian, and female 
students. Women tend to have less exposure than men to spatial 
activities and to activities that involve mental rotation. Women who 
rate high on tests that evaluate prior spatial experiences obtain 
higher scores on spatial tests than women with less spatial 
experience (Newcombe, Bandura, & Taylor, 1983). Women who rate 
high on measures of mental rotation experience perform well on the
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Vandenberg Mental Rotation Test (Casey & Brabeck, 1990). However, 
when the prior spatial experiences of men and women are equal or 
mental rotation scores are adjusted for prior experiences, gender 
differences in scores remain. In the present study prior spatial
experience is not assessed and the influence of spatial experience on
mental rotation performance is not determined.
The discrepant findings concerning gender differences in 
mental rotation speed and response time may stem from different 
research designs, research tools, and definitions of 'speed.' Some 
researchers measured total number of questions answered and some 
measured accuracy. Some researchers appeared to assume that men 
were faster at image rotation than females because the mental 
rotation scores of men were higher than those of females. However, 
high mental rotation scores were not always associated with test 
taking speed. In the present study the group of heterosexual male 
students obtained the highest mental rotation scores and the group 
of gay male students answered the greatest number of questions.
Gender and sexual orientation differences in mental rotation 
scores and speed scores may have been the result of differential 
strategy selection. Ideally, students who perform well on mental 
rotation tasks are proficient in using several different cognitive
strategies and are proficient in selecting the most efficient strategy
for a given task. Since the holistic or analogue strategy is considered 
the most efficient strategy to employ with the complex unfamiliar 
Vandenberg figures, heterosexual male students may have selected 
the analogue strategy over other strategies and may have employed 
the analogue strategy efficiently.
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The normal speed scores and impaired accuracy scores of 
heterosexual female and lesbian students may indicate that they 
selected less efficient strategies and were less competent when 
applying the strategies relative to heterosexual male students. 
Female students may have employed a part-by-part strategy, the 
analytic strategy or feature-based comparison strategy. They may 
have made an insufficient number of part-by-part comparisons, and 
may have responded with inadequate information. In order to 
provide correct responses to the mental rotation tasks female 
students should have made many part-by-part comparisons which 
require long response times. Female students may have selected the 
holistic analogue strategy, rotated the imagined figures efficiently, 
but visualized the rotating images inaccurately.
Similar mental rotation scores were obtained by female and 
gay male students. However, gay male students answered more 
questions and were less accurate than female students. Like female 
students, gay male students may have selected the analytic or 
feature-based comparison strategies. They may have lacked 
proficiency when using the strategies because they compared an 
insufficient number of figure parts and obtained inadequate 
information about the figures to permit correct responses to the 
tasks. Gay male students may have selected the holistic strategy for 
the Vandenberg Mental Rotation tasks but lacked proficiency in 
application of the holistic strategy. When employing the holistic 
strategy, gay male students may have rotated inaccurate images, 
may have stopped rotating images before they reached the upright
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position, and may have answered the mental rotation tasks 
p rem atu re ly .
Recommendations for Further Research
Generalizing from prior studies on mental rotation and 
cognitive strategies to the present study was difficult. Prior research 
involved simple two dimensional figures that were usually familiar 
alphanumeric characters and that were presented one at a time or in 
short strings. The figures were rotated in one plane only, and were 
presented in only a few rotated orientations. The same figures were 
presented numerous times during the testing session. The cognitive 
strategies associated with the mental rotation of simple familiar 
figures may differ from those employed during performance on the 
Vandenberg Test which consists of complex, unfamiliar three 
dimensional block figures. Nevertheless, the findings of the cited 
studies and the present study provide a foundation for investigations 
of the cognitive strategies employed during mental rotation of 
Vandenberg figures.
Both the present study and the electrophysiological study 
(Michel et al., 1994) included the Cooper and Shepard mental 
rotation paradigm (1973). However, the two studies employed 
different research tools. The present study included complex three 
dimensional block figures in paper and pencil format, and the 
neurophysiological study included simple two dimensional 
alphanumeric characters that were projected onto a screen and 
controlled with a computer. The different figures and formats may 
have encouraged the differential use of strategies and heuristics. For 
example, general heuristics about letters and numbers may have
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assisted with the identification of disoriented alphanumeric 
characters in the electrophysiological study. The heuristics would not 
have assisted with the identification of the Vandenberg block figures 
in the present study. An electrophysiological study with Vandenberg 
tasks would provide the most valid information for understanding 
the results of the present study.
A subsequent investigation of sexual orientation and the 
cognitive strategies employed during mental rotation should include 
a computerized version of the Vandenberg Mental Rotation Test, EEG 
and MEG recordings of alpha power over selected cortical areas, and 
a way of correlating cortical activity with the response times for each 
mental rotation item and with the interstimulus times. Participants 
should be interviewed at the close of the testing session regarding 
their perceptions of individual response patterns and strategic 
approaches to tasks on the Vandenberg Mental Rotation Test. The 
proposed investigation would assist with the identification of 
strategic and cognitive processing correlates of Vandenberg Mental 
Rotation scores. The investigation would help identify the cognitive 
strategies that differentiate heterosexual men, gay men, lesbians, and 
heterosexual women during mental rotation performance.
Conclusion
A knowledge of group differences in mental rotation 
performance has no predictive value for individual performance. In 
the present study the four groups overlapped considerably with 
respect to mental rotation performance. Greater variation in mental 
rotation scores occurred within groups than between groups. 
Nevertheless, the results of this study have practical as well as
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theoretical implications. Identifying the cognitive strategies involved 
in mental rotation, the strategies most frequently employed by 
certain types of individuals, and the strategies associated with high 
Vandenberg scores, may prove to be as beneficial as verifying the 
existence of group differences in mental rotation performance. 
Examining the relationship between sexual orientation and mental 
rotation from a cognitive-strategic perspective may lead to practical 
application in the form of effective strategy instruction and skills 
training and to improvement in student performance.
Cognitive-strategic explanations for group differences in the 
mental rotation scores of heterosexual male, gay male, lesbian, and 
heterosexual female students do not preclude or compete with 
biological explanations involving variables such as hormone levels, 
critical periods of prenatal development, and hemispheric 
specialization. Rather, cognitive processes and strategies mediate 
between observable test performance and proposed biological 
explanations. Conversely, the existence of sound biological 
explanations for group differences in mental rotation performance do 
not attenuate the importance of psychosocial variables, and imply 
that differences in the mental rotation performance of heterosexual 
men, gay men, and women are immutable.
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Table 1
DEMOGRAPHIC CHARACTERISTICS
HETEROSEXUAL GAY LESBIAN HETEROSEXUAL
MEN MEN WOMEN WOMEN
N 232 35 30 284
AGE
mean 23.95 22.86 27.47 24.14
s.d. 6.65 4.95 10.43 6.73
CAUCASION 73.0% 71.4% 78.6% 80.7%
MINORITY 27.0% 28.6% 21.4% 19.4%
RELATIONSHIP STATUS
MULTIPLE SEXUAL
PARTNERS 10.0% 2.8% 6.7% 6.8%
MONOGAMOUS 47.8% 42.8% 66.7% 61.4%
ABSTINENT 42.2% 54.4% 26.7% 31.8%
(table continues!
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HETEROSEXUAL GAY LESBIAN HETEROSEXUAL
MEN MEN WOMEN WOMEN
STUDENT STATUS
FRESHMEN 16.4% 11.4% 10.0% 12.3%
SOPHOMORE 22.0% 20.0% 16.7% 23.2%
JUNIOR 28.4% 17.0% 26.7% 37.3%
SENIOR 26.7% 20.0% 10.0% 20.1%
GRADUATE 4.3% 14.2% 20.0% 6.3%
no response 2.2% 17.4% 16.6% .8%
COLLEGE MAJOR
EDUCATION
21.6% 7.1% 26.3% 43.4%
ENGINEERING, SCIENCE, MATH, COMPUTERS
42.6% 32.1% 26.3% 16.3%
BUSINESS, ECONOMICS, MARKETING
19.6% 17.8% 15.8% 15.9%
FINE AND PERFORMING ARTS
2.4% 17.8% 10.5% 2.7%
LIBERAL ARTS
13.7% 25.0% 21.0% 21.7%
Note. Liberal Arts includes English, Ethics, Foreign Language, History, 
Political Science, Psychology, Sociology, Communications, and 
Philosophy.
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Table 2
VANDENBERG MENTAL ROTATION SCORES
HETEROSEXUAL GAY LESBIAN HETEROSEXUAL COMBINED
MEN MEN WOMEN WOMEN GROUPS
mean 19.10 12.83 12.07 12.30 15.04
s.d. 8.80 8.43 7.27 6.67 8.42
N 232 35 30 284 581
ANALYSIS OF VARIANCE
effect SS (MS) F p
sexual orientation 607.91 10.09 .00198
gender 820.11 13.62 .00050
sexual orientation x gender
522.91 8.68 .00369
within group 34752.30 (SS)
60.23 (MS)
Note. Vandenberg Mental Rotation scores reflect the number of items 
answered correctly. The Vandenberg Mental Rotation Test consists of 
twenty items and each item is worth two points. The range of scores 
is 0 to 40.
HETEROSEXUAL
MEN
mean 15.40 
s.d. 4.00 
N 232
effect
sexual orientation 
gender
sexual orientation 
within group
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Table 3 
MENTAL ROTATION SPEED
GAY LESBIAN HETEROSEXUAL COMBINED 
MEN WOMEN WOMEN GROUPS
17.26 15.50 14.54 15.14
3.90 3.95 4.39 4.23
35 30 284 581
ANALYSIS of VARIANCE
SS (MS) F p
109.15 6.23 .01233
101.96 5.82 .01536
x gender
8.74 .50 .48733
10090.31 (SS) 
17.52 (MS)
N ote. Mental rotation speed is total number of items answered, 
correct and incorrect. Range of scores is 0 to 20.
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Table 4
MENTAL ROTATION ACCURACY
HETEROSEXUAL GAY LESBIAN HETEROSEXUAL COMBINED
MEN MEN WOMEN WOMEN GROUPS
mean
s.d.
N
1.30
.70
232
.79
.51
35
.83
.51
30
.97
.87
284
1.09
.79
581
ANALYSIS of VARIANCE
effect SS (MS) F p
sexual orientation 6.13 10.32 .00180
gender 1.28 2.15 .13890
sexual orientation x gender
1.91 3.22 .06953
within group 342.411 (SS)
.59446 (MS)
N ote. The mental rotation accuracy score equals the Vandenberg 
mental rotation score (# correct) divided by the mental rotation 
speed score (# answered). The range is 0 to 2 with larger numbers 
indicating greater accuracy.
Table 5
MASCULINITY-FEMININITY SCORES
HETEROSEXUAL
MEN
mean 8.04
s.d. 2.67
N 208
GAY LESBIAN 
MEN WOMEN
6.59 4.78
2.35 2.60
34 28
HETEROSEXUAL
WOMEN
5.53
2.28
247
ANALYSIS of VARIANCE
effect SS (MS)
gender 251.72 41.40 .00000
sexual orientation 65.40
gender x sexual orientation
6.82
10.76 .00151
1.12 .29001
within group 3119.08 (SS) 
6.0801 (MS)
COMBINED
GROUPS
6.56
2.76
517
Note. The majority of participants (88.5%) completed the Holland 
Vocational Preference Inventory and are represented by M-F scores.
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Table 6 
REGRESSION
MASCULINITY-FEMININITY SCORES AND MENTAL ROTATION SCORES 
HETEROSEXUAL GAY LESBIAN HETEROSEXUAL
MEN MEN WOMEN WOMEN
Mult. R BETA .15801 -.01833  -.05367  .14897
St. Err. of BETA .06930  -.17675  .19583 .06317
B .52387 -.06649  -.12588  .43269
Stand. Err. of B .22977 .64103 .45929 .18349
2.27990 -.10373 -.27408 2.35809
Sig. of t .02224 .88158 .77634  .01810
Mult. R Square .02497 .00036 .00288 .02219
Adj. R Square .02016 -.30903 -.03547 .01820
N 208 34 28 247
5.19837 .01076 .07512 5.56059
p<.05 n.s. n.s p<.01
Table 7
VANDENBERG MENTAL ROTATION SCORES 
WITH MASCULINITY-FEMININITY SCORES AS COVARIATE
ANCOVA
SS df F
cov: M-F 532.4 1 9.098
gender 533.4 1 9.116
sexual orientation
683.5 1 11.679
a x b 424.8 1 7.259
within 29787.2 513
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